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Disclosed is a circuit arrangement for generating a drive 
signal for a transistor. In one embodiment, the circuit 
arrangement includes a control circuit that receives a Switch 
ing signal, a driver circuit that outputs a drive signal, and at 
least one transmission channel. The control circuit transmits, 
depending on the Switching signal for each Switching opera 
tion of the transistor, Switching information and Switching 
parameter information via the transmission channel to the 
driver circuit. The driver circuit generates the drive signal 
depending on the Switching information and depending on 
the Switching parameter information. 
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CIRCUIT ARRANGEMENT AND METHOD 
FOR GENERATING A DRIVE SIGNAL FOR A 

TRANSISTOR 

CROSS REFERENCE TO RELATED 5 
APPLICATIONS 

This Application is a Continuation of U.S. application Ser. 
No. 14/495,813, filed Sep. 24, 2014, which issued as U.S. 
Pat. No. 9,112,497, and is a Continuation of U.S. application 
Ser. No. 13/603,063, filed Sep. 4, 2012, which issued as U.S. 
Pat. No. 8,866,513, and is a Divisional of U.S. application 
Ser. No. 12/642,486, filed Dec. 18, 2009, which issued as 
U.S. Pat. No. 8.258,820, and claims priority to German 
Application No. DE 10 2008 055 051.5, filed on Dec. 19, 
2008, the entire content of each of which are incorporated 
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TECHNICAL FIELD 

2O 
The present disclosure relates to a circuit arrangement and 

a method for generating a drive signal for a transistor, in one 
embodiment a MOS transistor. 

BACKGROUND 25 

MOS transistors, such as IGBTs or MOSFETs, for 
example, can be used as electronic Switches for Switching 
electrical loads. During Switching operations, that is to say 
during Switching on and Switching off of the transistor, 30 
Voltage and current changes occur at the load, in current 
Supply lines to the transistor and the load, in a connecting 
line between the transistor and the load, and also in the 
transistor itself. In this case, the speed or gradient with 
which these Voltage and current changes occur is dependent 35 
on the Switching speed of the transistor, that is to say 
dependent on how rapidly the transistor switches on or off. 
The Voltage and current changes which occur during the 

Switching of a transistor can lead to electromagnetic inter 
ference pulses. The amplitude of the interference pulses is 40 
dependent firstly on the Switching speed of the transistor and 
secondly on the interconnection of the transistor with the 
load, and here in one embodiment on the type and length of 
the lines. There is a need to reduce the interference pulses 
which occur during the Switching of a transistor. 45 

For these and other reasons, there is a need for the present 
invention. 

BRIEF DESCRIPTION OF THE DRAWINGS 
50 

The accompanying drawings are included to provide a 
further understanding of embodiments and are incorporated 
in and constitute a part of this specification. The drawings 
illustrate embodiments and together with the description 
serve to explain principles of embodiments. Other embodi- 55 
ments and many of the intended advantages of embodiments 
will be readily appreciated as they become better understood 
by reference to the following detailed description. The 
elements of the drawings are not necessarily to scale relative 
to each other. Like reference numerals designate corre- 60 
sponding similar parts. 

Various embodiments are explained below with reference 
to figures. The figures serve for elucidating the basic prin 
ciple, and so only the parts or component Zones required for 
understanding this basic principle are illustrated. In the 65 
figures, unless indicated otherwise, identical reference sym 
bols designate identical parts with the same meaning. 

2 
FIG. 1 illustrates one embodiment of a circuit arrange 

ment for generating a drive signal for a transistor, the 
arrangement including a control circuit, a transmission chan 
nel and a driver circuit. 

FIG. 2 illustrates an operating principle of one embodi 
ment of the circuit arrangement on the basis of signal timing 
diagrams. 

FIG. 3 illustrates the operating principle of a further 
embodiment of the circuit arrangement on the basis of signal 
timing diagrams. 

FIG. 4 illustrates one embodiment of a transmission 
channel. 

FIG. 5 illustrates another second embodiment of a trans 
mission channel. 

FIG. 6 illustrates an operating principle of a further 
embodiment of a circuit arrangement on the basis of signal 
timing diagrams. 

FIG. 7 illustrates, on the basis of signal timing diagrams, 
an operating principle of an embodiment of a circuit 
arrangement in the case of a fault. 

FIG. 8 illustrate one embodiment of information trans 
mission from the control circuit to the driver circuit via the 
transmission channel. 

FIG. 9 illustrates another embodiment of information 
transmission. 

FIG. 10 illustrates one embodiment of a transmission 
channel for the information transmission in accordance with 
FIG. 9. 

FIG. 11 illustrates another embodiment of information 
transmission from the control circuit to the driver circuit. 

FIG. 12 illustrates another embodiment of information 
transmission from the control circuit to the driver circuit. 

FIG. 13 illustrates another embodiment of a transmission 
channel for the information transmission in accordance with 
FIG. 12. 

FIG. 14 illustrates one embodiment of the control circuit 
on the basis of a block diagram. 

FIG. 15 illustrates one embodiment of the driver circuit on 
the basis of a block diagram. 

FIG. 16 illustrates one embodiment of a current source 
circuit of the driver circuit. 

DETAILED DESCRIPTION 

In the following Detailed Description, reference is made 
to the accompanying drawings, which form a part hereof, 
and in which is illustrated by way of illustration specific 
embodiments in which the invention may be practiced. In 
this regard, directional terminology, Such as “top.’ “bot 
tom.” “front,” “back.” “leading,” “trailing, etc., is used with 
reference to the orientation of the Figure(s) being described. 
Because components of embodiments can be positioned in a 
number of different orientations, the directional terminology 
is used for purposes of illustration and is in no way limiting. 
It is to be understood that other embodiments may be 
utilized and structural or logical changes may be made 
without departing from the scope of the present invention. 
The following detailed description, therefore, is not to be 
taken in a limiting sense, and the scope of the present 
invention is defined by the appended claims. 

It is to be understood that the features of the various 
embodiments described herein may be combined with each 
other, unless specifically noted otherwise. 
One embodiment provides a circuit arrangement for gen 

erating a drive signal for a transistor. The circuit arrange 
ment includes: a control circuit having an input for receiving 
a Switching signal and having at least one output; a driver 



US 9,531,369 B2 
3 

circuit having at least one input and having an output for 
providing the drive signal; at least one transmission channel, 
connected between the at least one output of the control 
circuit and the at least one input of the driver circuit. The 
control circuit of this circuit arrangement is configured to 
transmit, depending on the Switching signal for each Switch 
ing operation of the transistor, Switching information and 
Switching parameter information via the transmission chan 
nel to the driver circuit; and the driver circuit is configured 
to generate the drive signal depending on the Switching 
information and depending on the Switching parameter 
information. 
One embodiment provides a method for generating a 

drive signal for a transistor. The method includes, for each 
Switching operation of the transistor: providing Switching 
information and Switching parameter information; generat 
ing a first signal level of the drive signal after providing the 
Switching information, and generating a second signal level 
of the drive signal, the second signal level being dependent 
on the Switching parameter information, after providing the 
Switching parameter information. 

FIG. 1 illustrates, on the basis of a block diagram, one 
embodiment of a circuit arrangement for generating a drive 
signal S3 for a transistor M. This circuit arrangement 
includes a control circuit 1, a driver circuit 3, and also a 
transmission channel 2 arranged between the control circuit 
1 and the driver circuit 3. The control circuit 1 has an input 
11 for receiving a Switching signal S, and at least one output 
12 coupled to a transmitter-side end of the transmission 
channel 2. The driver circuit 3 has at least one input 31 
coupled to a receiver-side end of the transmission channel 2. 
and an output 32 for providing a drive signal S3 for the 
transistor M. 

In order to afford a better understanding, a transistor M is 
likewise illustrated in FIG. 1. In the example illustrated, the 
transistor is a MOS transistor, specifically an n-channel 
MOSFET. It should be pointed out that the use of an 
re-channel MOSFET should be understood merely as an 
example. The circuit arrangement illustrated is Suitable for 
driving any MOS transistors, that is to say also for driving 
IGBTs, or also for driving bipolar transistors. 
The transistor M driven by the circuit arrangement serves 

for example for Switching a load Z connected in series with 
a load path of the transistor M between terminals for a 
positive Supply potential V+ and a negative Supply potential 
or reference potential GND. The drive signal S3 is fed to a 
control terminal of the transistor M. In the case of the 
MOSFET illustrated in the example, its drain-source path 
D-S forms its load path, and its gate terminal G forms the 
control terminal. 

In the case of this circuit arrangement, the transmission 
channel 2 serves for transmitting control information from 
the control circuit 1 to the driver circuit 3. The transmission 
channel 2 can have a potential barrier, which will be 
explained below. Such a potential barrier is expedient when 
the switching signal S fed to the control circuit 1 and the 
drive signal S3 generated by the driver circuit 3 are referred 
to different reference potentials. This is the case for example 
when the transistor M to be driven by the circuit arrange 
ment is a MOS transistor connected up as a high-side Switch. 
As is known, a MOS transistor is a voltage-controlled 
component and turns on or turns off depending on a Voltage 
between its gate terminal G and its source terminal. The 
reference potential to which a drive signal S3 fed to the 
transistor is referred, in the case of Such a high-side tran 
sistor, is the source potential thereof. The source potential 
varies depending on the Switching state of the transistor and 
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4 
can lie in the range of the upper Supply potential V+ when 
the transistor is turned on, and in the range of the negative 
supply potential or reference potential GND when the tran 
sistor is turned off. By contrast, the switching signal S fed to 
the control circuit 1 can be referred to a constant potential, 
such as reference potential GND, for example. 
The Switching signal S determines the desired Switching 

state of the transistor M, that is to say contains information 
about whether the transistor M is to be driven in the on state 
or whether the transistor M is to be driven in the off-state. 
The Switching signal S may contain, in one embodiment, 
information about the instants at which the transistor is 
intended to be driven in the on-state or driven in the off-state. 
The Switching signal S can be any signal Suitable for 
Supplying Such Switch-on information and Switch-off infor 
mation to the control circuit 1. Referring to FIG. 2, the 
Switching signal S is a two-valued signal, for example, 
which can assume a switch-on level and a switch-off level, 
where the transistor M is respectively to be switched on 
when the Switching signal S assumes a Switch-on level, and 
is intended to be switched off when the switching signal S 
assumes a switch-off level. It should be assumed for the 
further explanation that the switch-on level of the switching 
signal S is a high level and the switch-off level of the 
Switching signal S is a low level. These signal levels can also 
be correspondingly interchanged. In the case of Such a 
two-valued Switching signal, the Switching information for 
the transistor M is contained in level changes of this signal, 
where the transistor M is intended to be switched on when 
a level change of the switching signal S from the switch-off 
level to the switch-on level is present, and where the 
transistor M is intended to be switched off when a level 
change from the switch-on level to the switch-off level of the 
Switching signal S is present. The use of a two-valued signal 
as Switching signal S should be understood merely as an 
example. Any desired signal which is suitable for transmit 
ting switch-on and switch-off information for the transistor 
M is suitable. 
The operating principle of the circuit arrangement illus 

trated in FIG. 1 is explained in more detail below on the 
basis of timing diagrams illustrated in FIG. 2. FIG. 2 
illustrates a timing diagram of the Switching signal S., a 
timing diagram of an information signal S1 transmitted from 
the control circuit 1 to the driver circuit 3 via the channel 2, 
of a drive signal S3 generated by the driver circuit 3, and 
also the timing diagram of a drive voltage VGS of the 
transistor M that results from the drive signal S3. In the 
embodiment illustrated, the drive signal S3 is a drive current 
that charges or discharges a gate-source capacitance (not 
illustrated) of the transistor M. 

In the embodiment illustrated in FIG. 2, a Switch-on 
information in the form of a rising edge of the Switching 
signal S is present at the instant t1. The control circuit 1 is 
configured to detect this Switch-on information contained in 
the Switching signal S and to transmit corresponding Switch 
ing information In1 to the driver circuit 3 via the transmis 
sion channel 2. For explanation purposes, it should be 
assumed that the Switching information representing a 
desired switch-on of the transistor M is a positive signal 
pulse of the information signal S1. The control circuit 1 is 
additionally adapted to transmit, in addition to the Switching 
information, Switching parameter information In2 to the 
driver circuit 3 via the transmission channel 2. Such switch 
ing parameter information In2 may be transmitted by the 
control circuit 1 for each Switching operation of the tran 
sistor M. 
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The Switching parameter information In2 contains infor 
mation regarding the course of the Switching operation. The 
Switching parameter information In2 can contain Switching 
speed information, for example, which indicates the speed at 
which the transistor M is intended to change its Switching 
state, and which thus influences the gradient of the Switching 
edges. The Switching parameter information In2 may also 
contain information about what maximum amplitude a drive 
voltage of the transistor is intended to achieve. The switch 
ing parameter information In2 can also contain delay infor 
mation which defines a waiting time between the presence of 
the Switching information and the beginning of the Switch 
ing operation, for example. 
As one of the Switching parameters which are influenced 

by the Switching parameter information In2, the Switching 
speed, in one embodiment, shall be considered below. The 
switching speed of a MOS transistor is directly dependent on 
the amplitude of a drive current, that is to say, during 
Switch-on, on the amplitude of a charging current flowing 
into the gate-source capacitance and, during Switch-off, on a 
discharging current flowing from the gate-source capaci 
tance. In this case, the Switching parameter information In2 
contains information about the desired amplitude of the 
drive signal or drive current S3. The switching parameter 
information In2 and the Switching information In1 can be 
transmitted in any temporal sequence—defined and known 
to the driver circuit—to the driver circuit. 
As illustrated in FIG. 2, the switching parameter infor 

mation In2 can be transmitted in one embodiment tempo 
rally after the switching information In1. In a departure from 
this, there is also the possibility of transmitting the Switching 
parameter information In2 temporally before the Switching 
information In1 or transmitting the Switching information 
embedded into the Switching parameter information In2, that 
is to say temporally between two sequences of the Switching 
parameter information In2. As will be explained below there 
is also the possibility of transmitting the Switching informa 
tion In1 and the Switching speed information In2 simulta 
neously via two parallel transmission channels to the driver 
circuit 3. 
The Switching information In1 and the Switching param 

eter information In2 form control information that is trans 
mitted from the control circuit to the driver circuit 3. A time 
duration during which these items of control information 
In 1. In2 are transmitted is designated by Tc in the figures. 

In FIG. 1, S1' denotes an information signal available at 
the receiver-side end of the transmission channel 2. In the 
case of disturbance-free transmission, this information sig 
nal S1' available at the receiver-side end corresponds to the 
transmitted information signal S1, and thus contains the 
Switching information In1 and the Switching parameter 
information In2. Owing to signal propagation times in the 
transmission channel 2, the information signal S1 fed to the 
driver circuit 3 can be temporally delayed relative to the 
information signal S1 transmitted by the control circuit. In 
order to simplify the illustration, such temporal delays 
during the transmission via the transmission channel 2 and 
owing to signal propagation times within the control circuit 
1 and the driver circuit 3 are not taken into account in the 
figures. 
The driver circuit 3 is designed to generate the drive 

signal S3 in a manner dependent on the Switching informa 
tion In1 and in a manner dependent on the Switching 
parameter information In2. In the example illustrated, 
wherein the drive signal S3 is a charging current or dis 
charging current for the gate-source capacitance of the 
transistor M, the switching information In1 determines the 
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6 
sign of the drive signal S3 and the Switching parameter 
information In2 determines the temporal behavior of the 
drive signal, and here in one embodiment the amplitude 
thereof. The switching parameter information In2 can be 
transmitted in the form of a digital data word, which is 
illustrated schematically in FIG. 2. 

In FIG. 2, t2 denotes an instant at which the switching 
parameter information In2 has been completely transmitted 
to the driver circuit 3. In this example, the driver circuit 3 is 
designed to maintain the previous level of the drive signal S3 
until this instant t2 and to set the signal level of the drive 
signal S3 in accordance with the Switching parameter infor 
mation In2 at the instant t2 or after the instant t2. The signal 
level represented by the Switching parameter information 
In2 for the switch-on operation is designated by L1 in FIG. 
2. In the example illustrated, starting from the instant t2, the 
drive signal S3 has a positive sign, that is to say that a 
charging current flows onto the gate-source capacitance of 
the transistor M, whereby the gate-source voltage VGS 
thereof rises starting from the instant t2. 

In FIG. 2, t5 denotes an instant at which the threshold 
voltage Vth of the transistor M has been reached, starting 
from which threshold voltage the transistor M begins to 
conduct. Owing to the known Miller effect, the drive voltage 
VGS, despite a flowing charging current, remains at the 
value of the threshold voltage Vth for a time duration and 
then rises further up to a maximum value. The maximum 
value is substantially determined by the properties of a 
current source (not illustrated) in the driver circuit 3 which 
provides the drive current or charging current S2. It should 
also be noted in this context that the timing diagram of the 
drive voltage VGS is merely illustrated schematically in 
FIG 2. 

In FIG. 2, t3 denotes an instant at which the switching 
signal S1 has switch-off information in the form of a falling 
edge of the Switching signal. At this instant, Switching 
information In1 is generated by the control circuit 1 and 
transmitted to the driver circuit 3. In the example illustrated, 
this switching information for a switch-off of the transistor 
M is a negative signal pulse of the information signal S1. 
After this Switching information In1, Switching parameter 
information In2 is transmitted which defines the amplitude 
of the drive signal S3 for the switch-off operation. This 
amplitude for the switch-off operation can differ from the 
amplitude for the Switch-on operation, that is to say that the 
Switching parameter information for the Switch-off opera 
tion can differ from the switching parameter information for 
the switch-on operation. In the example illustrated, the 
control information is transmitted at the instant ta. Starting 
from this instant, the driver circuit 3 sets the drive signal S3 
to the value desired for the switch-off operation. In the 
example illustrated, the drive signal S3 has a negative sign 
for the Switch-off operation, that is to say that a discharging 
current flows from the gate-source capacitance, the ampli 
tude of the current being determined by the switching 
parameter information In2 transmitted after the instant t3. 
The drive voltage VGS of the transistor M decreases after 
the instant ta owing to the discharging current, then remains 
at the value of the threshold voltage Vth for a time duration 
owing to the Miller effect, and subsequently decreases 
further down to zero. 

In the embodiment explained with reference to FIG. 2, a 
switching operation of the transistor M begins only after the 
Switching parameter information In2 has been transmitted, 
that is to say—in the example illustrated—only at the end of 
the time duration Tc during which the items of control 
information are transmitted. In order to accelerate the 
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Switching operations, in a further example, the driver circuit 
3 is designed to set, immediately after the presence of 
Switching information, a first signal level of the drive signal 
S3, the sign of which takes account of the respective 
Switching information, and only after reception of the 
switching parameter information In2 to set the level of the 
drive signal S3 to the amplitude represented by the switch 
ing parameter information In2. Associated temporal signal 
profiles are illustrated in FIG. 3. 

In FIG. 3, t11 denotes an instant at which the switching 
information In1 is present in the driver circuit 3. Starting 
from this instant, the driver circuit 3 sets a first signal level 
L2 of the drive signal S3. The sign of this signal level takes 
account of the respective Switching information. In the 
example illustrated, the drive signal S3 has a positive sign if 
the Switching information is Switch-on information, and a 
negative sign if the Switching information is Switch-off 
information. The second signal level L1 of the drive signal 
corresponds to the signal level L1 already explained above 
with reference to FIG. 2. The first signal level L2 can be 
greater or less than the second signal level L1. One example 
provides for the first signal level L2 to correspond to a 
maximum signal level which the drive signal S3 can assume 
for the respective Switching operation, that is to say the 
switch-on operation or the switch-off operation. In this 
example, the drive voltage VGS of the transistor M changes 
as early as from the instant t11 at which the switching 
information is present. In the Switch-on operation illustrated 
starting from the instant t1, the drive voltage VGS rises 
starting from the instant t11. The gate-source capacitance is 
hereby precharged before the Switching parameter informa 
tion is present at the instant t2 and the driver circuit 3 sets 
the signal level of the drive signal S3 to the second value as 
a result of the switching parameter information In2. The 
“precharging of the gate-source capacitance has no direct 
effect on the switching edges of a load current switched by 
the transistor M or the Voltages present across the transistor 
M or the load Z, as long as the gate-source Voltage VGS does 
not reach the threshold value Vth during this time duration. 
The first signal level L2 and the time duration Tc during 
which the control information is transmitted should there 
fore be coordinated with one another such that the threshold 
voltage Vth of the transistor M is not reached before the 
Switching parameter information has been transmitted to the 
driver circuit 3. In FIG. 3, t6 denotes an instant at which the 
threshold voltage Vth or the Miller plateau has been reached. 

In the embodiment illustrated in FIG. 3, a turn-off opera 
tion of the transistor M functions in a manner corresponding 
to the switch-on operation. At an instant t31, the turn-off 
information is present in the driver circuit 3. The driver 
circuit 3 thereupon sets a first signal level L4 of the drive 
signal S3 for the turn-off operation before the switching 
parameter information is present at an instant t2 and the 
driver circuit 3 sets the signal level for the turn-off operation 
to a second level value L3, which is represented by the 
Switching parameter information In2 for the turn-off opera 
tion. 

The transmission channel 2 between the control circuit 1 
and the driver circuit 3 can be any transmission channel 
Suitable for signal transmission. The transmission channel 2 
can contain—as already mentioned briefly—a potential bar 
rier, in one embodiment. One example of a transmission 
channel 2 having such a potential barrier is illustrated in 
FIG. 4. In the example illustrated, the potential barrier of the 
transmission channel 2 is a transformer 22 having a primary 
winding 221 and a secondary winding 222, which is induc 
tively coupled to the primary winding. The transformer 22 
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can be, in one embodiment, a transformer without a trans 
former core (coreless transformer) or air-core coil-type 
transformer. Such transformers can be part of an integrated 
circuit in which the control circuit 1 and the driver circuit 3 
can be integrated. The transmission channel 2 additionally 
includes a modulator 21, into which the information signal 
S1 is fed from the control circuit 1 and which is connected 
to the primary winding 221. This modulator 21 is designed 
to convert the information signal S1 made available by the 
control circuit 1 to a signal Suitable for transmission via the 
transformer 22. A demodulator 23 is correspondingly con 
nected to the secondary winding 222, the demodulator being 
designed to convert the signals transmitted from the primary 
winding 221 to the secondary winding 222 into the infor 
mation signal S1 fed to the driver circuit 3. 

Transformers, in one embodiment coreless transformers, 
are able to transmit the items of control information In1, In2 
at a speed required for the Switching operation. If the control 
information is intended for example to be transmitted within 
a time duration of 100 ns and if the control information 
includes 5 bits, for example, then a transmission rate of 50 
Mbauds is necessary, which can be ensured without any 
problems by using coreless transformers. A high transmis 
sion speed for the control information is necessary in one 
embodiment when as in the example in accordance with 
FIG. 3—the switching operation of the transistor M is 
already initiated before the Switching parameter information 
In2 is actually present. In this case, as already mentioned, it 
should be ensured that the Switching parameter information 
is present in the driver circuit 3 before the transistor M 
actually reaches its threshold voltage Vth and begins to 
change its Switching state. 

Referring to FIG. 5, instead of a transformer, it is also 
possible to provide an optocoupler 25 for potential isolation 
in the transmission channel 2. On the transmitter side, a 
modulator 24 is connected to the optocoupler 25 and con 
verts the information signal S1 into signals suitable for 
transmission via the optocoupler 25. On the receiver side, a 
demodulator 26 is connected to the optocoupler 25 and is 
configured to convert signals transmitted via the optocoupler 
25 into the information signal S1 fed to the driver circuit. 

FIG. 6 illustrates a further example of a circuit arrange 
ment on the basis of temporal signal profiles. FIG. 6 illus 
trates the signal profiles for a Switch-on operation of the 
transistor M. The switch-off operation functions correspond 
ingly. In this example, the control circuit 1 is designed to 
refresh the switching information In1 first transmitted at the 
instant t1, that is to say to transmit it again at least once at 
a later instant, provided that no new Switching information 
is present in the Switching signal S in the meantime. In FIG. 
6, Tr denotes the temporal separation between the first 
transmission of Switching information In1 and a first 
renewed transmission of the Switching information In1. As 
is illustrated by dashed lines in FIG. 6, the switching 
information In1 can be transmitted at regular time intervals 
Tip, but can also be transmitted anew at irregular time 
intervals, as long as no new Switching information is present 
in the Switching signal S, that is to say as long as in 
relation to the example illustrated the signal level of the 
Switching signal S does not change. 
The explanations given above hold true for the first 

transmission of the Switching information In1 at the instant 
t2 and the transmission of the Switching parameter informa 
tion In2, and also the generation of the control signal S3 
from these items of control information transmitted during 
the time duration Tc. The driver circuit 3 can therefore 
generate the control signal S3 in accordance with the expla 
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nations concerning FIG. 2, which is illustrated as a solid line 
in FIG. 6, or in accordance with the explanations concerning 
FIG. 3, which is illustrated by the solid and dash-dotted line 
in FIG. 6. 
One embodiment provides for the control circuit to 

change, and in one embodiment increase the signal level of 
the drive signal S3 starting from an instant t7 at which the 
switching information In1 is transmitted anew for the first 
time. This is illustrated on the basis of a dotted line in FIG. 
6. The driver circuit 3 can be configured in one embodiment 
to output the maximum signal level of the drive signal S3 for 
the respective Switching operation starting from the instant 
t7. In this case, the temporal separation between the first 
transmission of the Switching information and the first 
repeated transmission of the Switching information should 
be large enough that, at the instant t7 at which the level of 
the drive signal changes, the Switching operation is Substan 
tially concluded. Such that the change in the signal level of 
the drive signal S3 no longer affects the switching speed or 
the gradient of the Switching edges. 

FIG. 7 elucidates an operating principle of a further 
embodiment of the driver circuit 3 on the basis of temporal 
signal profiles. This driver circuit is designed to drive the 
transistor M in the off state if no renewed transmission of the 
Switching information is determined after a waiting time Tw 
has elapsed after reception of the first Switching information 
In 1. In this case, a fault in the control circuit 1 or the 
transmission channel 2 is assumed, with the result that the 
transistor M is turned off for safety reasons. This is illus 
trated in FIG. 7 by the fact that after the waiting time Tw has 
elapsed, the drive signal S3 changes to a switch-off level, 
that is to say to a level at which the transistor M is driven in 
the off-state. 

The items of control information transmitted from the 
control circuit 1 to the driver circuit 3 via the channel 2 can 
be coded in a desired manner. Examples of possible trans 
mission methods are explained below. Referring to FIG. 8, 
the items of control information can be transmitted as binary 
coded data via a single transmission channel, where positive 
signal pulses of the information signal S1 represent a first 
value, for example a logic “1”, and negative signal pulses 
represent a second value, for example a logic “0”, of the 
binary data to be transmitted. 

In order to increase the transmission reliability, referring 
to FIG.9, the binary data to be transmitted can in one option 
be transmitted in differentially coded fashion. In this case, 
there are two transmission channels present between the 
control circuit 1 and the driver circuit 3, via which respec 
tively complementary signal pulses are transmitted. In this 
case, the driver circuit 3 can be designed to accept only 
complementary pulses on the two channels as information 
pulses. Interference pulses which would have an effect as 
common-mode pulses on both channels therefore cannot 
incorrectly lead to a change in the Switching state of the 
transistor M. In FIG. 9, S1 denotes the information signal 
and S11, S12 denote the first and second information signals 
transmitted by the two channels, one of which, S11, corre 
sponds to the information signal S1 in the example. 
One embodiment of a transmission channel for the trans 

mission explained with reference to FIG. 9 is illustrated in 
FIG. 10. In the embodiment illustrated, this transmission 
channel includes two transformers 221, 222 having respec 
tively a primary winding 2211, 2221 and a secondary 
winding 2212, 2222. On the transmitter side a modulator 
211, 212 and on the receiverside a demodulator 231, 232 are 
connected to each of the transformers 221, 222. The infor 
mation signal S1 is fed to a first 211 of the modulators 
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10 
directly and to a second 212 of the modulators in a manner 
inverted by using an inverter 27, such that respectively 
complementary information signals are transmitted via the 
two channels for the transformers 221, 222. Two comple 
mentary information signals S11 and S12 are correspond 
ingly available at the output of this transmission channel 2. 
the information signals being processed further by the driver 
circuit 3 in the manner explained. 
The previously explained methods require modulators 

that are able to transmit both positive and negative signal 
pulses via the respective channel. In a further transmission 
method, illustrated in FIG. 11, there are two transmission 
channels present, via which respectively one information 
signal S11, S12 is transmitted. In this case, one of these 
channels serves for transmitting the bits with the logic 1 and 
the other of the channels serves for transmitting the bits with 
logic 0 of the control information. In this case, only positive 
signal pulses can be transmitted via each of these channels. 

Referring to FIG. 12, a further embodiment provides for 
the Switching information In1 and Switching parameter 
information In2 to be transmitted temporally in parallel via 
two parallel transmission channels. A first information signal 
S11 transmitted from the control circuit 1 to the driver circuit 
3 contains the Switching information in this case, and a 
second information signal S12 transmitted from the control 
circuit 1 to the driver circuit 3 contains the switching 
parameter information In2 in this case. 

FIG. 13 illustrates one embodiment of a transmission 
channel 2 for Such a transmission of the items of control 
information. In a manner corresponding to the transmission 
channel explained with reference to FIG. 10, this transmis 
sion channel 2 includes two transformers 221, 222, two 
modulators 211, 212 and two demodulators 231, 232. In this 
example, the control circuit 1 generates two information 
signals S11, S12 at two outputs 121, 122, of which the first 
information signal contains the Switching information and 
the second information signal contains the Switching param 
eter information. Two information signals S11, S12 are 
correspondingly available at the output of the channel 2, the 
information signals being fed to two inputs 311, 312 of the 
driver circuit 3. 
The driver circuit 3 can be designed to directly implement 

the Switching parameter information In2 received via the 
transmission channel 2, that is to say to readily implement 
the information received. This means that, depending on the 
Switching parameter information In2, any arbitrary changes 
in the Switching parameters are possible from Switching 
operation to Switching operation. In a further embodiment, 
the driver circuit 3 is configured not to permit any arbitrary 
changes in the Switching parameters from Switching opera 
tion to Switching operation, but rather to limit these changes. 
It is based on the consideration that great changes from 
Switching operation to Switching operation in the Switching 
parameters received by the driver circuit 3 can be caused by 
errors during transmission. The driver circuit can be 
designed for example to limit a change in the drive current 
S3 from Switching operation to Switching operation to a 
predefined maximum value. If this maximum permissible 
change is AS3max, for example, and if this maximum 
permissible change is Smaller than a difference between a 
minimum possible drive current S3min and a maximum 
possible drive current S3max, then a plurality of switching 
operations are necessary until the drive current S3 can rise 
to the maximum value S3max proceeding from the mini 
mum value S3min and vice versa. 

FIGS. 14 and 15 illustrate block diagrams of embodi 
ments of the control circuit 1 and the driver circuit 3. In the 
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example, the control circuit 1 has a signal processing circuit 
13, to which the switching signal S is fed and which 
generates the at least one information signal S1 from the 
Switching signal S. The Switching parameter information In2 
is stored in a memory 14, Such as a register 14, for example, 
which is connected to the signal processing circuit 13. The 
memory can be given fixed programming ready from the 
manufacturer. However, the memory content can also be 
given fixed programming by a user, or in one embodiment 
altered during operation, which is illustrated by dashed lines 
in FIG. 14. By using the content of this memory there is the 
possibility in one embodiment, of adaptively setting the 
Switching speed over a plurality of Switching operations of 
the transistor M. Adaptive methods for setting the switching 
speed of a transistor are known, in principle, and so further 
explanations in this respect can be dispensed with. 
The control circuit 1 can include further memories 15, 16, 

in which is stored for example the time duration Tr starting 
from which the switching information is intended to be 
transmitted anew for the first time, or in which is stored a 
period duration Trp with which the switching information is 
intended to be periodically repeated. The control circuit 1 
can be realized as a microcontroller, in one embodiment. 

Referring to FIG. 15, the driver circuit 3 has a signal 
processing circuit 33, to which the at least one information 
signal S1 is fed. A control signal S33 is available at the 
output of the signal processing circuit 33 and drives a current 
Source arrangement 35, which provides the control signal 
S3. In this case, the current control signal S33 determines 
both the current direction and the amplitude of the current S3 
provided by the current source arrangement 35. The driver 
circuit 3 can contain a memory 34, in which is stored 
information about the transmission time Tc within which the 
items of control information are transmitted. The signal 
processing circuit 33 can use this information to determine, 
after reception of a first signal pulse from the control circuit 
1, the end of the transmission duration of the items of control 
information and to set the sign and amplitude of the drive 
signal S3 depending on the end of the transmission duration. 

With regard to the memories explained in connection with 
FIGS. 14 and 15 it should additionally be mentioned that 
these memories can also be realized as memories whose 
memory content is predefined by external circuitry, e.g., 
with resistors. In this case, however, the memory content can 
only be altered by changing the circuitry. 

FIG. 16 illustrates an embodiment of a current source 
arrangement 35 of the driver circuit 3. This current source 
arrangement 35 has a number of current sources 361, 362, 
36n, 381,382, 38m, a first group 361, 362. 36m of which are 
connected in parallel with one another and between a 
terminal for a first supply potential and the output 32 and a 
second group 381, 382, 38n of which are connected in 
parallel with one another and between a terminal for a 
second Supply potential, in the embodiment the Source 
potential of the transistor M, and the output 32. These 
current sources can be activated or deactivated individually 
by a control circuit 40, to which the current control signal 
S33 is fed. For activating or deactivating the individual 
current sources, in the embodiment illustrated, switches 371, 
372, 37m, 391,392,39n are provided, one of which respec 
tively is connected in series with one of the current sources 
and which are driven by the control circuit 40. The current 
Sources are activated or deactivated in a manner dependent 
on the control signal S33 with the aim of setting the current 
direction of the drive current S3 and the amplitude thereof. 
One or more current sources 361, 362,36n of the first group 
are driven for driving the transistor M in the on state and one 
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or more current sources 381, 382, 38n of the second group 
are driven for driving the transistor M in the off-state. The 
currents Supplied by the individual current sources can each 
be identical, but they can also be different. 

Although specific embodiments have been illustrated and 
described herein, it will be appreciated by those of ordinary 
skill in the art that a variety of alternate and/or equivalent 
implementations may be substituted for the specific embodi 
ments illustrated and described without departing from the 
Scope of the present invention. This application is intended 
to cover any adaptations or variations of the specific 
embodiments discussed herein. Therefore, it is intended that 
this invention be limited only by the claims and the equiva 
lents thereof. 
What is claimed is: 
1. A system comprising: 
a transistor; 
a control circuit configured to output Switching informa 

tion and Switching parameter information associated 
with the transistor, wherein the Switching parameter 
information includes Switching speed information asso 
ciated with the transistor, and 

a driver circuit configured to: 
receive the Switching information and the Switching 

parameter information associated with the transistor; 
and 

generate a drive signal associated with the transistor at 
a Voltage or current level that is dependent on the 
Switching speed information. 

2. The system of claim 1, wherein the control circuit is 
further configured to output the Switching information anew 
at least once after a waiting time has elapsed since last 
outputting the Switching parameter information. 

3. The system of claim 1, wherein the driver circuit is 
further configured to: 

generate the drive signal at a first voltage or current level 
after receiving the Switching information and the 
Switching parameter information at a first time; and 

generate the drive signal at a second Voltage or current 
level after receiving the switching information and the 
Switching parameter information at a second time after 
the first time. 

4. The system of claim 3, wherein the second voltage or 
current level corresponds to the first voltage or current level. 

5. The system of claim 1, wherein: 
the control circuit is further configured to output the 

Switching information and Switching parameter infor 
mation for each Switching operation of the transistor, 
and 

the driver circuit is further configured to receive the 
Switching information and the Switching parameter 
information for each Switching operation of the tran 
sistor. 

6. The system of claim 1, wherein the switching infor 
mation comprises a positive pulse or a negative pulse. 

7. The system of claim 1, wherein at least one of the 
Switching parameter information or the Switching informa 
tion comprises binary code. 

8. The system of claim 1, wherein the switching parameter 
information comprises a positive pulse or a negative pulse. 

9. The system of claim 1, wherein the control circuit is 
further configured to output the Switching information anew 
at least once during each Switching operation of the tran 
sistor after a waiting time has elapsed since outputting the 
Switching parameter information. 

10. The system of claim 1, wherein the switching param 
eter information comprises at least one of: 
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signal level information indicating a maximum voltage or 
current level of the drive signal, or 

delay information that defines a time to delay after 
receiving the switching information before generating 
the drive signal. 

11. The system of claim 1, wherein the voltage or current 
level of the drive signal defines a speed at which the 
transistor changes switching states. 

12. The system of claim 1, further comprising: 
a load, wherein a combination of the voltage or current 

level of the drive signal and the switching speed 
information define a switching edge of a load current 
provided by the transistor to the load. 

13. A system comprising: 
a transistor; 
a control circuit configured to: 

output first Switching information and first switching 
parameter information associated with the transistor, 
wherein the first Switching parameter information 
includes first switching speed information associated 
with the transistor; and 

after a waiting time has elapsed since outputting the 
first Switching information and the first switching 
parameter information, output second switching 
information and second switching parameter infor 
mation associated with the transistor, wherein the 
second switching parameter information includes 
second switching speed information associated with 
the transistor; and 

a driver circuit configured to generate a first drive signal 
associated with the transistor at a first voltage or current 
level that is dependent on the first switching speed 
information in response to receiving the first switching 
information and the first switching parameter informa 
tion. 

14. The system of claim 13, wherein the driver circuit is 
further configured to generate a second drive signal associ 
ated with the transistor at a second voltage or current level 
that is dependent on the second Switching speed information 
in response to receiving the second switching information 
and the second switching parameter information. 

15. The system of claim 14, wherein the second voltage 
or current level corresponds to the first voltage or current 
level. 

16. The system of claim 13, wherein the first switching 
parameter information and the second switching parameter 
information comprise at least one of: 
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signal level information indicating a maximum voltage or 

current level of drive signals generated by the driver 
circuit, or 

delay information that defines a delay after receiving the 
first switching information or the second switching 
information before the driver circuit is to generate the 
drive signals. 

17. The system of claim 13, wherein the first switching 
speed information and the second switching speed informa 
tion indicate a rate at which the transistor is to transition 
from an off-state to an on-state or from the on-state to the 
off-state. 

18. The system of claim 13, wherein the first switching 
speed information and the second switching speed informa 
tion indicate a speed at which the transistor is to change 
switching states. 

19. A system comprising: 
a transistor; 
a control circuit configured to: 

output first switching information and first switching 
parameter information associated with the transistor, 
wherein the first switching parameter information 
includes first Switching speed information associated 
with the transistor; and 

output second Switching information and second 
Switching parameter information associated with the 
transistor, wherein the second switching parameter 
information includes second switching speed infor 
mation associated with the transistor, and 

a driver circuit configured to: 
generate a first drive signal associated with the tran 

sistor at a first voltage or current level that is depen 
dent on the first Switching speed information in 
response to receiving the first switching information 
and the first switching parameter information; and 

after a waiting time since receiving the first switching 
information and prior to receiving the second switch 
ing information, generate a second drive signal asso 
ciated with the transistor that drives the transistor to 
an off-state of the transistor. 

20. The system of claim 19, wherein at least one of the 
first switching speed information indicates an amount of 
time between when the transistor is to transition from a 
Switch-off operation to a switch-on operation or to transition 
from the switch-on operation to the switch-off operation. 
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